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This study deals with temperature distribution in visco-elastic fluid of Walters’ 
Liquid B Model over a horizontal stretching plate. The velocity of the plate is 
proportional to the distance from the slit. The temperature field over a stretching 
surface subject to both constant temperature and uniform heat flux is obtained. It 
is shown that temperature at a point descreases with descreases in the visco-elastic 
parameter K,*. The dimensionless heat transfer coefficient and the temperature 
distribution of the stretching plate are determined for various values of 4. 0 1990 
Academic Press, Inc. 
Boundary-layer behavior on a moving continuous solid surface is an 
important type of flow occurring in a number of engineering processes. 
Examples of a moving continuous surface are a polymer sheet or filament 
extruded continuously from a die, or a long thread traveling between a feed 
roll and a wind-up roll. 
Flow in the boundary layer on a continuous solid surface with constant 
speed was studied by Sakiadis [l]. Due to entrainment of ambient fluid, 
this boundary layer is different from that in Blasius flow past a flat plate. 
Erickson, Fan, and Fox [2] extended this problem to the case where 
suction or blowing existed at the moving surface. Crane [3] considered the 
moving strip whose velocity is proportional to the distance from the slit. 
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These types of flow usually occur during the drawing of plastic films and 
artificial fibers. The heat and mass transfer on a stretching sheet with 
suction or blowing was investigated by Gupta and Gupta [4]. They dealt 
with the isothermal moving plate and obtained temperature and concentra- 
tion distributions. Dutta, Roy, and Gupta [S] analyzed temperature 
distribution in the flow over a stretching sheet with uniform heat flux. They 
have shown that temperature at a point decreases with an increase in the 
Prandtl number. 
In a more recent study, Siddappa and Abel [6] studied the non-New- 
tonian flow past a stretching plate and obtained solutions of the equation 
of motion. In the present investigation, the heat transfer in a visco-elastic 
fluid of Walters’ Liquid B Model over a stretching plate is studied. The 
temperature field over a stretching surface subject to both constant tem- 
perature and uniform heat flux is obtained. In many practical fluids, such 
as plastic films and artificial fibers, the hypothesis of Newtonian fluid is 
clearly unsuitable. Therefore, the problem of determining the temperature 
field in non-Newtonian fluids over a stretching surface does not seem to 
have received any attention. The present study addresses this problem. 
ANALYSIS 
Consider a steady visco-elastic two dimensional flow past a horizontal 
stretching plate that issues from a thin slit at x = 0, y = 0, as in a polymer 
processing application (Fig. 1). It is assumed that the speed of a point on 
the plate is proportional to its distance from the slit, the boundary layer 
approximations are still applicable, and viscous dissipation is neglected in 
the energy equation. 
The steady state boundary layer equation governing the flow of visco- 
elastic fluid (Walters’ Liquid B) [63 is 
u-+“-=v2u-k* ati au 
ax ay a$ 0 (1) 
and the continuity equation is 
“+d”=(), 
ax ay 
FIG. 1. Boundary layer on a stretching plate. 
(2) 
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where (x, y) are the coordinates, (u, v) are the velocity components in these 
respective directions, v is the kinematic viscosity of the fluid, and K$ is the 
visco-elastic parameter. The velocity boundary conditions are 
u=mx, v=o for y=O 
(3) 
u = 0, v= -c, uy = 0 as ‘y+ co, 
where m is a given constant, C is a positive constant to be determined, and 
the subscript y denotes differentiation with respect o y. 
For the heat transfer analysis, two different cases are considered: 
an isothermal surface and the sheet subject to uniform heat flux. The 
governing boundary layer energy equation is 
dT aT a=T 
u;;I;+vy=av. (4) 
The thermal boundary conditions depend on the type of heating process 
under consideration. 
Equation (2) implies a stream function t&x, y) given by u = alC//ay, 
v = -iJ+G/%x, where 
ti = (Wr) f(v), 7 = ry. (5) 
Here r is a positive constant to be determined from Eq. (l), S is the dimen- 
sionless stream function, and the similarity variable q depends on y only. 
We find from Eq. (5) that 
u = mxf’h), (6) 
v = -5 [f(v) -f(O)l, (7) 
where a prime denotes differentiation with respect to q. In Eq. (7) without 
loss of generality we can set f(0) = 0 so that 
v = -Yf(,). (8) 
When these values of u and v are put into E. (1) the equation becomes 
(f’)2-ff”= (vr2/m)f”‘-k,* .r2(2flf”-ff”‘- (f”)‘}. (9) 
Use of Eqs. (6) and (8) gives the boundary conditions 
f’(0) = 1 for q=O 
(10) 
f'(~)=O, f”(m)=O, c=yf(m) as q--+co. 
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In order to satisfy the above boundary conditions, Siddappa and Abel [6] 
have suggested a solution of the form 
f’(v) = epq, f(q)= 1 --e-q. (11) 
Then Eq. (9) becomes 
r-/z; (12) 
hence the solution of Eq. (1) is obtained as 
u=mxeCq 
and 
u= -?(I -e-y. 
(13) 
(14) 
To solve Eq. (4), we consider two different heating processes: 
Case A. isothermal Surface Condition. For this circumstance, the 
boundary conditions are 
T= Tw for y=O 
and 
T= T, as y+oo, (15) 
where the subscripts w and co denote the surface condition and the 
condition of quiescent fluid, respectively. The dimensionless temperature is 
defined as 
T-T, 
Tw-Tm 
= wl). 
Substitution of Eqs. (1 l), (13), (14), and (16) into Eq. (4) gives 
(16) 
s//(rl)+~(l-e-“)B’(rl)=O, (17) 
subject to the boundary conditions derived from Eqs. (15) and (16) as 
e(0) = 1, e(cYJ)=o. (18) 
The solution of Eq. (17) satisfying Eq. (18) is 
e(v) = y(P, ~e-Vy(~, PI, (19) 
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FIG. 2. Dimensionless temperature field for various P. 
where y(a, x) is the incomplete gamma function given by 
(20) 
and P is the modified Prandtl number is visco-elastic fluid expressed as 
P = (v/a - mk,*/a). (21) 
Note that the dimensionless parameter P relates the relative magnitudes of 
diffusion of momentum and heat in the visco-elastic fluid. The results of the 
dimensionless temperature distribution for several values of P are shown 
graphically in Fig. 2. 
Use of Eq. (19) gives the dimensionless heat transfer coefficient 0’(O) 
expressed as 
O’(0) = -Pp epPiy(P, P). 
The values of Eq. (22) are plotted in Fig. 3. 
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(22) 
FIG. 3. Dimensionless heat transfer coefficient. 
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Case B. Uniform Heat Flux Condition. Now, the boundary conditions 
are 
-kTcq 
ay 
for y=O 
and 
T= T, as y-rco, (23) 
where k is thermal conductivity and q is uniform surface heat flux. 
The temperature distribution can be taken in the form of a similar 
solution as 
T- T, = (dkr) g(v). (24) 
By substituting Eqs. (ll), (13), (14), and (24) into Eq. (4), one obtains 
g”(q) + P( 1 -e-“) g’(q) = 0. (25) 
The boundary conditions for g are derived from Eqs. (23) and (24) as 
g’(0) = - 1, g(co)=O. (26) 
The solution of Eq. (25) satisfying Eq. (26) is 
g(q) = ePPdPy(P, PeFq). 
The wall temperature T, is obtained from Eq. (24) as 
(27) 
T,,, - T, = ; g(0). (28) 
It is worth pointing out that the dimensionless temperature distribution 
(T- TmMTw- T,) 
‘*I------ 
10 
2 
FIG. 4. Dimensionless wall temperature variation with P. 
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in Case B is equal to the ratio of g(q) to g(0). Therefore, the values 
(T- TcoMTw- T,) vs ‘1 
for several values of P are the same as those in Fig. 2. Figure 4 shows the 
dimensionless wall temperature variation with P. 
DISCUSSION 
As the numerical value of fluid elastic parameter K,* decreases, the 
dimensionless parameter P increases. Figure 2 shows that temperature 
decreases with increase in P. The dimensionless heat transfer coefficient 
W(0) shown in Fig. 3 asymptotically decreases as the dimensionless 
parameter P increases. The variation of the dimensionless wall temperature, 
g(O), with P under uniform heat flux conditions is given in Fig. 4. It is 
shown that the wall temperature decreases rapidly as P increases from 0 to 
1 and then slowly decreases with increase in P. 
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